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eae BROS Om OF SU RRACK EOJGs7 55 Uron 25 ST 


AMUMINUT ALLOY SUBJZOTSD TO REPAATID 


ABOVs Tho FROPORTIONAL LIMIP 


SUMMARY 

Utilizine the Renested load Eydraulic Testing M-chine at the 
Deniel Gugsenhein Aeroneuticsl Laboratory, California Institute of 
Technology, Vasedens, California, the author, in collaboration with 
Lt. Comdr. D. J. Hardy, U. 3. Navy, investigated the effects of surface 
roughness upon the watts life of 25 ST aluminun alloy when subjected 
to repeated constant tensile stresses in the region above the propor 
tional limit. 

The stress impulses are of such low frequency as to allow con- 
siderstion of single imulsss. The rate of build-up of tne impulse, 
and the duration of the immlsive loed are such as to create an o- 
quivelent stetic load of substanti«ily the sane magnitude as the peak 

of the im-ulse loading, 

it was found thet surface roughness hes some effect uron the cy- 
clic life, in the lower stress regions, the greater the degres of 
surf<ce roughness, the shorter the life appears to be. Hovever, for 
the renge of roughness investizeted, 5 ato 200 1 the effect is not 


s0 pronounced as is usecliy found below the proportional limit. 


“here the amiiied streas23 rovehod Frr ul into tho plastic 
renge the effect of 3urf.ce rou shness dogs not seen to follow 
quite as specific < attermm. ‘lines the Loading irmuise featured 


. lo-d, the effeets of crasp 





a 0.435 second duration of maxima 


may well hsve taken over in shaping the life cycle curve with 


little regard for surface roughnoss. 
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ASOVE Was . RO. ORTICTAL LIMIT 
1. INTRODUCTION 


This investigation seeks to carry further, in a definite di- 
rection, the immense task of commlctely determining the effects of 
rei oatad tensile stresses upon cluninum allo. naterial. 

Certain structural memberc, more commonly found in the ecircraft 
industry, are subjectsd to eet stresses ap lied many times dur- 
ing the desired life of the part, but which menbvers are commonly de- 
sisned to operate within the ;roportional limit. If definite criteria 
could be built ur such that the member can be cesimmed very close to 
the proportional, or fatigue limit, as circunstences warrant, vith 
the Lnowledse thet a definite number of overstresses of civen nagni- 
tude above the pronortional linit can be accepted without failure or 
undue permanent deformation, then the savings in weight end cost are 
obvious. The first step, carried out here, is to investigate the re- 
gion above the procortional linit for 25 ST aluminum alloy subjected 
® xoctated tensile loeds of constant Maenituces. The variable is 
surface roughness in the range of Sf’ te 2004, The extensions of 
this investigetion mst proceed in seversl directions. At least one 
other eluninum alloy should be studied before a genoral statement 


might vs considered safe. Then the problen of varying the magnitudes 





no 


of the stresses on «= single specimen mist be investigated. Finally, 
other t:ves of stressing mst be brought in, sich as combined bend- 
ing and tension, 

Tne first of a series of steps toward amassing useful date con 
thig subject was the design of a testing machine. This work was 
ried out by Lieut. Comdrs. Ndward G. Bull and Hobert i. Mastin, U.S. 
ary, and reported on in their thesis "Repeated Loads Above the «ro- 
portional Limit on 24 37 Aluminum Alloy," 0.1.7. 1947. 

~ne work was cerried forward oy Captain Conred X. Kelson, U.5. 
Air rorce, 23 roported in nis thesis, of the same title, C.I.f. 1948, 
sne reguits showed th-t permanent deformation caused by overstressing 
couid not be used for forecasting the life gxpectancy. 1% wes also 
found by Nelson that “rest periods" during cyclic load epplication 
hea en effect on the life cycle, as did initial stresses snd masni- 
tudes of overstresses aoplicd. sowvever, guantitative results could 
not be derived in the time aveilzbie, 

The results of the prasently revorted investigstion ghoved that 
surface roughness was a factor in the life expectancy of similsr spec- 
imens at the same loading, =$ least in the region just above the pro- 
portional limit. 

Since even the slightest emount of bending coupled with the jure 
tension causes 2 pronounced drop in the cyclic life, these resvits 
are a~vlicable only to members with freely hinged ends. 


Al] vork wes carrisd out by the author, working with Lt. Comdr. 


D. =. Earcy, 2.3. vavy, as partial fulfillment of the requirementa 





for the Degree of -eronauticel ingineer, at the Daniel Gr 
Aeroneutical Uaborator:’, Crtifornia Institutes of eachnology, YPasr- 


dena, Ualiformmix, durinc the Acadeaic Year, 1948-1949, 
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Fest Svecimeng 

The metericl used for 211 tests came from a 35 ST forging, with 
the folloyving properties: 

Yield Strength -- 39,400 - 41,2550 p.s.i. 

tensile Strength -~ 88,000 ~ 61,596 p.s.i. 

% Tlongation in 2 inches -- 16. - 17 

Chemical Composition @: (Re sinder Aluninun) 

Cu 54 Mee Fe hn Zn Cr 

4.43 0.67 0.016 0,45 0.735 0.25 0.02 

The test specimens were machined to the shape and dimensions shown 
in Sig. 1. ote here that upon the recommendations of previous investi- 
gators, (Ref. 1), the fillets were made 3/8" radius, instead of the 
5/16" radius used in previous investigstions. Machining and applica~ 
tion of the surface roughness were carried out in the C.I.7T. Machine 
Shor. Surfece roughness was applied by clreumferential grooving to give 
2 constent mean diancter, but with ridges of Ole SO iy 1L00us and 200/14. 

A round tool, radius 3/644, was used on a Fratt & whitney 15-inch 


lathe, Model B. The advance used for the grooving was as follows: 


Roughness AAVance 
5 A 0.0012 in/rev 
50 0.0070 in/rev 
100 0.0100 in/rev 
200 0.0143 in/rev 


The roughness was checked on a Frofilometer built by Physicists 


Heeearch Company. 


Tostine Machine 
"hig machine was designed ond built in 1946-47 at C.I.T. by 


Lieut. Comdrs. Soli, Buil, en) ‘astin, end Lieut. Ditch, all of the 
Vere avy. (Nef, 1). It vas subsequently modified by \.r. Chinta- 
mindi \. Jopakae end Gertein ciclson, (.°>. Air Eorce, to stiffen the 
test platform, (;ef. 2). Further modifications «which will be indi- 
c#tea herein vere mae by the Guonor end Lieut. Comr, D. J. =ardy, 
4.3. eV. 

Jn 2lrerkit hyéraulic cylinter applies <« tensile loud “through 
&.universal joint ond load couvon, (ig. 2), Located between its 
piston and the test specimen. Tre other ond cr tuo test speci en 
is secured through another univers-1 joint te the frame of tre test 
vi gttom, 

Ties. 3 end 4 wre photograpns of the tustine weehine. 

the hydraulic cylinier is .ctusted periodically by a Vickers 
sOlenoid acting on a slecve velve in the pressure line to tac oylin- 


~Olnts opened and 


Cs 
o~ 


der. ‘he solenoid is cpereted through contact 


~ 
e 


closed by a cek driven v7 a 1/20 Ki umiverssl-woune ild0evolt a.c,. 
olectric notor. The same motor operates a2 mechanical counter vnich 
recorcés thse nunaber of oeycles of loed aprlicetion. Gince there are 


Vso complete working curves cut on the single cam, the recorder, oper 


ating on the ces sheft, ‘rill record exectly half the actual stress 


cycles ap..lied, 


, 


Tie hy€raulte sycten starts <t a reservoir with filler strziner, 
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(Figs. 5, 6, 7, 8, 11), which supplies fluid to a positive displace- 
ment gear pump driven through a step-up reduction gear of 3.06 to 1 
ratio by a 5 HP 220 volt a.c. eleotric motor, rated at 1140 RPM. An 
accumulator, strainer and pressure regulating valve are in the line. 
Pressures up to 1000 Ae. are Gleimed by the designers. However, 

no occasion to use more than 500 p.s.i. was experienced in the present 
investigetion. A presaure-relief valve is installed and set for 1250 
p.3.i. The effective piston diameter is 11.5 sq. in. Hence 500 p.s.i. 
will apply 5,750 pounds on the specimen. With crossesection ares of 
O.0707 sq. in. for the test section of the specimen, this corresponds 
to ebout 81,400 1.5.1. 

A Bourdon hydraulic pressure gage is installed in the line just | 
ahead of the solenoid-operated valve. <A one-way valve prevents rapid 
drop of pressure from injuring the gege at the instant of load appli- 
cation. As will ba discussed presently, this gage gives the coarse 
setting of load, but is not used for the accurate determination, 

Sverything from Military Specification Hydraulic O11 te third 
rate automobile crankcase oil was used in the system, with no failures 
attributable to the type of fluid. 

The test platform is essentially s pair of 5" steel H-beams, six 
feet long, bolted torether. Upon the beams are mounted heavy steel. 
fittings to anchor the hy Iraulic cylinder and tho fixed end of the 
test specimen. Obviously the length of the entire machine could have 


been halved by mountine the 0411 reservoir and accumulator adjacent to 
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the main motor, rather than in line with the hydraulic pump. As ine 
dic tod in Fig. 5 overvthine is mounted deloy the table top except 
tha sweeimen, its fittines, the hydraulic cylindsr, the electric con- 
trols, pressure gage, countor, and nmicro-switch cut-out 3a7stem. All 
other hydraulic lines and fittincs as vell as the mein motor and its 
sheft chain sre below the trble tor. This is especiczlly fortunats in 
beenine the constent of] les ts fron denaginz the elsctric 3ystenm as 
well as siving 1: cle zn snece for recording -nd changing soecimens, 

“he universal joints at either end of the specimen carry counter- 
vwolrnts to statically bal-nce then. it vas found necessary for the 
vre3cnt investigetors to install guides for these balances since 
there wes c definits tendency for then to rotate tne universel joints, 
resulting in jammine of the system in addition to inadvertently 2c- 
tustins the cuteout switch. These cuides have been made very loose 
tc sllow movement of the weights both axially end a fey derrees of 
rotation. This wes necessary to sllow movement of the universal joints 
when clanging anecimens., However, since the weight will seldom mmwve 
from its nosition vertically sbove the ee axis, the guides are 
urimarilyv « sefety feature. 

since reworking of the hydraulic system resulted in a set-up 
which would hold constant loed to 2 remarkable aceuracy, it was found 
cossibie to leavs the test in over-tion for extended periods of time 
Been assurance tact the lord would not drow off. Hencs, the vriters 


vere able to carry out mech more testins than would heave been ossibls 


2 
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had their >vresence been const-ntly required as in previous work. 
This feeture mede necessery the installetion of sone sort of cutoff 
so thet uoon frecture of the epecimen, the metors would stop, es- 
recicily the counter-motor. Since the hydrevlic piston is ordinarily 
operated with its free end about one inch outside the cylinder, end 
since it will be culled completely back to the cylinder upon release 
of the lo-d (i.e. freeture of the specimen), 1t wes possible to use 
this returmm feeture of the piston as the cut-out ectuator. Fortu- 
nately, the riston hes ¢ collar raised about one-quarter inch from 
its circumference, Thus it was sochiti< to insteull « micro-switch 
next to this collar, so th2t as the piston returned toward the cyl- 
inder efter freeture of tho specimen, the coller would strike the 
etuating cra of the micro~syitch. The nicro-switch was nodifiea 
fron 2a "normally closed" to e "normally open" type because there wes 
nones available of the tyoe desired. This micro-switch was in the 
cireuilt with the solensid notor and was led to s three-yole, donble- 
throw relay. The rele; was in tur: connected to the countsr circuit, 
the solenoid circuit, 2nd the :sin motor cut-off switch. Thus wnen 
the miecroesyvitch yas cetu.ted it opened the circuit which energized the 
relay solenoid, thereby drorping the solenoid olunger, opening ell clr- 
cuits to shut down “11 operation. The stopsing of the counter motor 
at the times of fracture left a rocord which, of course, was the, es- 


sence of the entire test. Fig. 1D diagrems this electrical circuit. 





Loud tiesaurin: Coupon 

it was iwntioned advova thet trie hydrowlic vressure gegs offerad 
&® coarse iene of setting a definite loed wron tie specimen. Ho raver, 
the moans oF accur:tely obtaining re. dings of the sceturl locd beings 
g@iriied, wea through Ske resistence wire etrain gazes. Your of these 
Bescs are nountel ef ninety degree spacing on a steel sleove, called 
tic "loed couren", (Tig. 2). This couron is mounted vatyveen tho hy- 
dranlic *iston eni the specimen, FEnsving the cross-sectional area of 
tis¢ couron and tht of the test s,ecelnen, 2 correspondence cn ba sat 
u; between the strain of the coupon ani the stress apuiled to the spece 


imen. This is done by comYarison as described below. 


Load Measuring Squipment 

A\fter the strain gares are cemented onto the coupon and checked, 
the coupon is placed in any standard tension testing machine and the 
gage recdinges recornied by galvanometer, as known loeds are applied. 
Thus, knowing the cross-sectional area of the coupon, readings on the 
gailvanonmeter can be translated directly into load in pounds or into 
peS.i. On the test snecimen. During the calibration run it is possible 
to note that all gages are performing correctly and that their read- 
ings can be everaged by putting them in series and apvlying a factor 
of four. Thus ell effects of bending =re tcken out. Table I and 
Fig. 15 detail this calibration, 


Kovever, since - galvanometer would be useless for measuring loads 


which revert to zero 52 times each minute, a compsrison sysaten is used 





during testin;. . control Sox.rrd and armlifvying system are provided. 
See glectricat di-vwrean, Tig. Lo. Behind the control board a selector 


Cee Connec, to Gio x: 


\w 


cording system eny one of four sets of resise 
Bances. Luese Loir resistences corresrond to epplying 1000, OOO, 
S00U, or 4000 rounis to the lo-4 connon. The instsllation of these 
resistences con be m Ve vhile colibreting the lord coupon on a tension 
testing Bechine. Vith LOOC nounds aprlied lord, the average strain 
gee reading i¢ receriesa. Then enougn resistance is put into the 
selector syston fo give the seme icenticel electrical reading. d3inm- 
ilari, the resict neces :re set ur for 2000, SO5C, and 4000 pound 
iouds, Tunere.fter, during testing, any reading of the load coupon 
strein gages can be ccnpared to these standard values to determine 
its magnitude, in pounds of load. 

she reason for this ~othod is that while the test is in jy rogress 
tne most feasible syste: found for racding the strain geges was to use 
a Helland Mecording Oscilisscope which makes a photographic record of 
electric resistance ugninst tine, using en amvlifier to get reasonable 
eccuracye Then, oy running the 'mow clectricei impulses for LOUC, 
oCO0, SOOO, and 4000 nound loads through the same circuit, the actual 
load lines can be compared to then by direct measurement, and the actual 
losd ascerteined. Thus the com. crison is unaffected by fluctuations 
in supply current or temserature of the amplifying circuit, since the 
strain guge readings and the corroerison losds run through the seme 


circuit. 
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An example of a typical oscillocraph recording is shown in 


Duration cf zero load 
Duration of Kaxinun Loed 
Time - No Load to Full Load 
Time ~ Fall Load to fo Lozd 
Time for one complete cycle 
umber of cycles ~er minute 
iaximunm Rete of Losdine 


‘axinun Rate of Unloeding 


Tiis inform«tion wes used in nrelininary eanelyses as will ap- 


pear later heretn. However, during actusl testing only the miegni- 


tude of the lord «ms required. 


2. G6 ron it the following informstion is obt-ined. 


0.63 sec. 
0.353 see. 
0.14 see. 
0.025 sec. 
1.125 sec. 
O27 
41, 700;#/sec. 


184,000#/sec. 





Siou 
Ili, TEST PROCEDURE 


In Fig. 9 a typical section of film 4s shown. The first three 
sections are the result of passing 1000, 2000, and GOQOO pound equiv~ 
alent electric loads across the screen, The last section, photo- 
graphed immediately afterward, is the result of passing the actual 
electric load on the strain gazes across the screen. To analyze this 
reading, draw bese lines and measure with dividers the heights. In 
this case the cslibration lines are: 

1000 --- 0.32" 
2000 --- 0,65! 
3000 --- 0.96" 

Thus it appears that 0.32" closely corresponds to 1000 pounds 
load. Accuracy to 0.01" is all that can be expected due to widths 
of recording lines and the development of the film. This maximun 
accuracy can be best achieved by using at least three calibration 
loads as was done here, 

The height of the load line is 0.64". In actual testing, two or 
three of these loads would be photographed in succession, They would 
be found to be of identicel height almost invariably. | 

Thus, ody corrcarison, the loed wast 

a x 1000 = 2625 pounds 


For specimen section of 0.0707 in” the tensile stress is then 


2625. . 
“0707 57,130 p.sei. 
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A perfect test run would snow periodic readings which, although 
both celibration and losd lines varied with temperature, would, for 
each reading, calculate out to 37,130 p.3.1. tensile stress. Unfort- 
unately the hydraulic system does not keer the load perfectly coneteant. 
Since it 13 imposiible to photograph, develop, dry the film, and read 
it, without considerable time ensuing, errors in load may continue for 


long periods of time before corrsction. However, these load veria~ 


tions ere not great as evidenced from a typical record shect, Fig. 10. 
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IV. JISQUSSIO# 


Although the work herein is concnueted in the region of abacus 
which liss above the proportions] linit, the metal may still be con- 
sidered an elastic body a =8 such it is necessary to examine the 
tezting sequence apoulied with a view toward determining the effecte 
of vibretions which may be excited. 

Lookins first at the breakdown of load vs tine as portrsyed by 
oscillograph recordings, Fig. 8, it can be seen that the frequency 
of load apslicetion is 52 cycles per minute, or 0,867 cycles per 
second, | 

fo compute the natursl frequency of vibration of the test sec- 
tion of the test specimen, in the longitudinal mode, it can be as- 
Sse thet the test section acts es though clamped at the ends. Re- 
ferring to Den Hertog's text, Pef. 3, in his Appendix 11 the natural 
freacencies ars found from the formla 
fundamental natural fre- 
quency, cycles/second 

3 = mass/unit vol. 
f= 34 : ae where 0.101/386 ége0"/in* 
mh length, 2 in. 


iiod, of last. 
10, 500,000 pesel. 


bty 
tf 


2 





=ji 


Hott 


— 


\ 2.04300, 000 (386 
f= eae eae = 49,500 cycles/sec. 


FE 


The natural period is then 7 = r = 2.02 x 107° sec. Higher modes 


will, of course, give smaller periods. 


9 
\ 
hb 
s 
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How, since there is an unloaded time of 0.63 seconds between 
impulses, the system can complete 0.63/2,.02 x 1075 = 31,200 natural 
periods before the next impulse begins. Thus ell vibration will be 
darmed out between cycles and the system can be considered as sub- 
Jected to isolated impulses, with no effect due to the periodicity 
of the loading. 

The effects on simple elastic systers of various forns of ime 
pulsive lo ds hz:va Deen organised in & p2zner by Dr. J. K. Frankland, 
lef. 4. %dIn order to eanply his conclusions to an elastic systen, 
several conditions mst de fulfilled, thereby ellowing the system 
to be treated 29 heving one dagree of freadom. These conditions 
o7e3 

(a) The duration of irmect mst ve sufficiently long so that 
tisre «cre no comrlic tions due to stress waves and other 
phenonena forsign to the systen of ons degree of freedon. 
Dr. Frenkland suggests thet the isepulse should last at 
least a tenth of the fundanental natural period of ths 
system. Obdviousl:, this condition 18 fulfilled by the 
eyster. undor consider:tion herein. 

(>) The irmact load should be distribated fairly uniformly 
over the structure. Since the losd is transmitted to the 
teat section of thse suecinen through the homoreneity of 
the material, a uniform locd distribution is closely 


enproxinated here. 
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(c) The fundauental node of the structure is uncouvled with 
hisher modes. In the case under observation, the funda- 
nentel mode in guestion ig lonsituiinal end may be con- 
sidered uncourled with hieher nodes. 

Por guen idealized systems, Dr. Frankland offers approximate, as 
woll as exect solutions for the equivalent static lo2d impressed upon 
the system, ror 2 type of impulse which is of uniform magnitude and 
23 i0ng in com :.rison to the nrturel period, as in this case, the im 
portant paranmster is the rate of suild-ue of the impulse. Using the 
folioving nonencleture, the reletion below avplies: 


Qe.5.1. = equivalent static load 


Co Sel 
n= dynamic lord factor = impulse peak load 


p= circular naturel frequency 


&. = time required for build-up of impulse 


re) 
2 pt 
Formiat n= 1+ —“ sin + 
pt, g 


In the system under consideration, pt, = 43,500 and thus the 
second factor closely apwroaches zero. Hence, the equivaient static 
loed may be teken ag identical to the peak of the impuise locding. 

For a grephical method of obtaining the equivalent static load 
due to =n impulse of any form, a paper by or. G. a. Hudson, «ses. 5, 
is recomended. 

From the foregoing anzlysis it can be concluded tnat the systen 
ig ectually subjected to the stresses set up by the loads as indicated 


by reading the strain gage loads as previously described under "Test 
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Procedure", Howaver, in eny future attempt to compare impulsive loai- 
ing tests mede by different types of impulses, the equivalent static 
lozsding must be carefully computed, since that fector is, after «ll, 
the determining factor for the sctuel stresses induced. For impulses 
of durstion closa to the natural period of the system, the equivalent 
static lo>d may approach twice the imoressed load. Furthermore, it 

is obvious thet the frequency of applying the impulses mst be inves- 
tigated for apvrosching resonance. 

One other pareneter must be mentioned when dealing with the region 
above the prowortional limit. "Creep" is e definite function of time. 
in the tyne of loading epplied here ths full magnitude of applied 
force endures for an ap recicble period. ‘shen this time is added for 
the rel tively lur:c nunbers of cycles applied in these tests the de- 
fernetion operates through Poisson's ratio to reduce the cross-sectional 
area. progressively. Thus, for constant loading the induced stresses 
progressively incresse. This factor has not been considered herein. 
Lowever, it is again worthy of mention that the duration of load an- 
plication, as weil as repidity of build-up and release of load, mist 
be weighed when ettoempting to correlate these results with those ob- 
teined for identical mapnitudes of loadings but with different types 
of irmulses. 

it might be worthy of comment thst in the foregoing comoutstions 
it wos not necessary to strive for grest eceursey since it vas obvious 
from the start that the naturel frequency might be considerably dif- 


ferent and yet not alter the dynamic lord fector from unity. 





aie 
V. RESULTS 


fables Ifi through LVI indicate the degree of accuracy achieved 
Aa attenpting to hold a constant load during «2 test. It is believed 
that all tests were held to sufficient tolerances to justify plotting 
ali results on the apvpropricte curves. However, many other tests 
wore started but not completed for 2 variety of reasons. 

Many of the tests involve prolonged roricds between readings 
for checking the loud. In cases vhere the reeding following the in- 
terval showed that the loed waa as desired, it appeared reasonable 
to assume thst constant loadim had prevailed. 

It was thought that there might be some weakness exemmlified 
by a fillet break, and hence the type of break was noted in every 
case, and was snecified on the plot. Hovever, fillet breeks did not 
chante eppreciably the scatter of the test result points. 

P4de9, 16, 17, 18, end 19 are the clots of all test results for 
the roughness factors investigated. Fig. 20 shows the effect of 
roughness by comparison of the replotted curves. 

Although seatter made it difficult to be too specific regarding 
the position of e curve, it is felt that «= definite tendency toward 
decreasing the life of a specimen is revealed 43 roughness increases. 
Although this re3ult cvoears, from Fiz. 20, to be quite genoral, the 
nuthor foels ssfe only in applying this statement te the relatively 


low stress region, just above the proportionsl limit. 
















oa 


Vote thet there is too much scatter in the higher stress re- 


gions to rmomit makin: 2 Jdefinita datenain tion of where the curves 
lie, he POO Lt Nowrhness tests gseve a ver, .ood erouping of points 


in « rozion which overlapped the curves of les3 roughness, as can 


as 
Ly 


be seen from Vis. 19. ils apiarent reversal of expected results 
43 onother f.ctor vhicn influences the suthor to refrain from draw- 


ine ecenclusions concerning the effect of roughness in the hiyvaer 





¢ * 
> men 


wy + PABP ARV MTOR LOT 
ide con ay a tee : af 


For 25 Sv aluminum elloy, surfcce roughness affects the life 
exnectancy of 2 menber subjected to repeated tensile stresses of 
mnepnituces greater than the proportionrl limit. In the renze of 
0 fA tO ROOM eseh step of increasing roughness results in a de- 
crease in cyclic life over a range of loadings embrecing the vroe- 
portions] limit -nd on un to ebout 42,500 p.s.i. For higher 
stressss, the effect is in generel the sans, but specific state- 
ments cannot be made without further testing. 


Tne degres of shortening in cyclic lire appears rather small 


¥ith the scatter-as broed as it apcrears herein it night be con- 

Cluded that the expense inci ont to reducing roughness during fin- 
ishing operations on structural parts is vossibly not justified if 
carried out for tho purnose of increaging life expectancy above the 


proportional limit for tris tyne of loading. 


op) 
Vii. R&CO. GORDATIONS 


It is not expected that other aluminum alloy structural mater 
foals will exhibit different results than the co 5T tested here. How- 
ever, in the interests of conleteness, this work might weli bo ex- 
tended to cever those materizls in common use in industry. 

Since few aircraft members are subjected to such constant 
loadings as were applied during these tests, the effects of varying 
stresees should be investigsted. Captain Nelson, in Ref. 2, dida 
slicht emount of work in this direction. However, sone definite stat- 
1 osteed pattern is mandatory. 

In regerd to the equipment, several points are worthy of mention. 
Tne rate of loed applic: tion, 52 cycles per minute, could be increased 
mneny fold without increasing the dynamic lo-d factor. Moreover, it 
would appesr thet 4f the loading was compared on a basis of equivslent 
static loadins, the results should be irrespective of the mamer of 
achieving this load. Theat is, if the lo2zd of a definite magnitude is 
applied directly, or if half that losd is applied in such a mannor as 
to give a dynamic loed factor of two, the stresses incurred should be 
identical. Hence, redesign of the machine to increase greatly the 
cycles per minute seems justifiable. However, as pointed out in the 
"“Diseussion" gection harein, the duration of load vould thereby be 
reduced so that a greater cyclic life might be expected. 

Captain Helson, Ref. 2, investigated the use of an Oscilloscope 


with retentive screen for losd mezsurement, and found that a rate of 








loading of at least GOO cyclas por minute would be the minimis thet 
could be so measured, and that even then, the mean load, rather 
tien pesk lord would come out. As an altemetive method of reduce 
ing the excessive workload of the present system it is suggested 
thet precision type pvressure-control valves might sllow load control 
without any resort to strain gaces. 

At the ver, least, the present system could be vastly improved 
by eliminating the storace batteries. Checking, watering, charging, 


and moving of these batteries occupies more time than is justified. 








"Raneated Lords Above the tro-ortional Limit on 24 ST Aluninun 
miloy". Lt. Gomare. >. C. Ball anda. Ll. Maptim, J. 3. Bevy. 
"Repested Loads Above the : roportional Linit on 24 ST Aluminum 
wlloy". Captain C. . Welson, U. S. Air "orce. 

"Mochaniecal Vibretions". den Hartor. MeGraweHill, 1940. 
"-ffeets of Irmact uvon Simpl: Alestic Structures", J. Mm. 
Frankland. Froec. Soc. “xptrimentnrl Stress Analysis, Vol. VI, 
Ho. &. 

"A Method of Ustimeting Aquivalent Static Loads in Simple 
Elostie Structures". G. ~. Hudson, Proc. Soc. Axperimentsl 


Stress Analysis, Yol. VI, ko. 2. 
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TABLE 1 
Calibration of Strain Gegss 


(Connected in Series) 


Regding Lo b Millivoltg 
yi LOO 2 310 
2 200 615 





~25- 
TxBLE I (Cont'd) 





23 2300 

pyA 2400 7.50 
~5 2500 782 
26 200 8.13 
Pa 2700 BLL, 
28 2800 S76 
29 9.69 
9.36 








2560 
2700 
2800 
2930 
3000 


3100 


TABLE Id 


Static Tensile Test 


LO 


Surface Roughness 


Throop Hall--Materiale Testing Lab. 


Specimen Diameter 0. 3! 


#79 
Gage 
Rdge 
0 

2.9 

503 

8.0 
10.4 
13.0 
15.8 
19.6 
282 
42,0 
45.2 


7520 


#79 


Strain 


Rdge 


0 


3.05x1074 


S, 082 
12.2 
15.86 
19.825 
24.095 
29.89 
43.00 
64.05 
68.93 


114. 37 


85.2 129.93 
92-3 140.76 


102.9 156.92 


#80 
Gare 
Rage 


445 

726 
10.6 
133 
16.3 
20.00 
283 
42.0 
46.0 
78.0 
86.6 
950 
98.5 


MI —-— 1.3529 & 107" in/in/division 


$80 —~- 1.5€2 x 107% in/in/division 


#80 


strain 


in/in 


0 


3.905x107" 3,477x107" 


7-029 
11.871 
16.557 
20.775 
25-4€D 
31.240 
444205 
65.604 
T1852 


121.84 


Areas 0.0707 sa. in, 


Average 
Strain 
in/in 


0 


72555 
1220345 
16.208 
20. 300 
24.777 
30.565 
43.602 
64.827 
70, 391 


118.11 


138.39 
148.39 
153.86 


154716 


144.58 
155.39 









Roughness — 5 

Break = Fillet 

Ave. Load — 2350 lbs, 
wress > 33,000 p.es.ie 





TEMGe TITY 
Aporex. Gace Setting 200 p.sei. 


Cycles 


30 


100 





ets oe 


TABLE IV 
Test 2 | Approx. Gage Setting 220 p.s.i. 
Reading Cycles Loed (lbs) 
1 100 2670 
2 7 1600 | 2610 
3 2520 2880 
4, 3000 2720 
5 71050 : 2620 
6 71200 27160 
ff TEACO 2TEO 
§ 83600 No reading 
5 ' 105000 | Failure 
Roughness - 5 
break ~ Fillet 
ave. Load = 2700 lbs, 
Stress ~- 36,200 p.s.i. 
TABLE V | 
Test 3 Approx, Gage Setting 240 p.sei. 
Reading Cycles Load (lbs. ) 
1 40 2960 
2 3000 2950 
3 8000 2970 | 
4 12400 2750 
5 16900 2850 
6 5 €008 Failure 


noughness = 5 
Break = fillet 


Stress — 41,000 p.s8.i. 








a chee 


TABLE VI 

Test 4 Aporox. Gage Setting 260 peel. 
Reading Cycles Load (lbs, 

Ih 40 3110 

2 2500 3160 

3 7TE00 ee lee 

4, 1178 No reading 

5 13800 3170 

6 20850 3190 

7 21729 3020 

8 2a7 7.2 Failure | 


Roughness — § 
Break = Normal 
eV Load = 3100 Lbs, 


otress - 43,800 Dedeie 
TABLE VII 





Test 24 Approx, Gave Setting 260 p.e3eie 
Reading Cycles Load (1bs.) 
ai 3000 3240 
2 7900 3286 
3 7920 3250 
4 13100 3250 
5 13200 3250 
é 18000 3330 
, 18060 3270 
é 18374 Failure 





Test 26 


Reading 
ve 


2 

3 

4 

5 

6 
Roughness -— 5 
Break - Fillet 


Ave. Load =~ 3485 lbs. 


Stress - 49,300 peSeie 


a 
B, 
4 
; , 
6 
7 
8 Machine broke down 


Roughness = 5 


* 
TShBLE VIII 


Approx, Gage Setting 270 p.seie 


Gycles Load (1bs.) 
3000 3480 
7680 3500 
T7700 JA70 
9900 3500 
9920 3500 

21.002 Failure 
TABLE IX 


Approx. Gage Setting 280 p.sel. 


Cycles load (1bs.) 
10 3240 

7780 Ho reading 
7812 3420 
9220 3390 

11600 No reading 
11660 3360 
176€0 3380 











2 
3 
d 
2 
6 


Roughness = § 


Roughness - § 
Break = Fillet 
Ave. Load = 3360 lbs. 


Stress - 47, 500 PeSe i. 


TABLE & 





Apnorox. Gage Setting 280 p.s.i. 


Cycles Load (lbs.) 
20 3260 
10€0 3470 
1120 3560 
1620 3520 
1650 3440 


Machine broke down at 4000 cycles 


TABLE XI 





Approx. Gace Setting 280 p.sei. 


Cycles Load (1bs.) 
30 3260 
1930 3560 
54,20 3500 
9820 3620 
13020 3560 
16280 3580 
18870 Failure 


em) 


oo, = 


TaBLE XII 


Test 13 Approx. Gare Setting 280 p.sei. 
Reed ing Cycles toad (lbs, ) 
ss 20 3460 
z 7540 3390 
2 756 3570 
4 9400 3570 
D 9440 3500 
6 13460 3570 
"4 13490 3570 

g 14564 Failure | 
Roughness - § 


3reax —- Normal 


Ave, Load - 3520 lbs. 


Stress = 49,780 DeBels 





Roughness — 5 
Break = Normal 
Ave. Load - 3560 lbs. 


e4 


wtress =~ 40, 300 pe Sel. 


NO reading 


3580 
RO reading 
wo reading 
3510 
3590 


Fatlure 



















Zest 7 Approx. Gage Setting 300 p.s.i. 
Gadin Cycles Load (ib: 
1 10 3440 
re; 5280 3540 
3 3320 3546 
4 3400 3540 
5 10750 3660 
6 10800 3730 
7 12750 0 reading 


eg 12800 io reading 
9 12980 0 reading 
eS 


10 . 13430 3670 


1 19326 





Feilure 


Roughness - 5 
Break - Normal 
Ave. Load - 3590 lbs. 


strosas - 50,700 p.s.i. 








ach 
TABLE ZV 

Test 23 Ap-rox. Gages Setting 300 p.3s.i. 
Reading Cyeles Load (1ds.) 

1 3000 3640 

2 7300 3830 

3 9580 . 3450 

: 9600 3610 

5 13832 Failure 


Roughness - 5 
Break - Normal 
Ave. Losd - 3630 lbs. 


Stress - 51,300 7.3s.i. 





oo Gm 


TABLE XVI 
Test 9 A;orex. Gage Setting 320 p.8.i. 
Reafling Cycles Load (1lbs.) 
i 10 No reading 
2 50 3630 
3 6740 3680 
4 676 No reading 
D 7000 3870 
6 7060 3870 
i 9316 Failure 
Roughness = § 
ien- Jernal 
ave. Load = 3760 lbs. 
Stress ~ 53,10 p.sie 
TABLE XVIT 
Test 10 Approx. Gage Setting 340 v.81. 
Reading cyeles Load (1bs.) 
bo 30 3920 
2 1080 4015 
3 2080 4120 
4 3240 Failure 


Roughness = § 
Breex — Normal 
Ave. Load = 4020 lbs. 


Stress = 56,800 De Bele 


~ j= 


TASL", AVIITI 


Test il am-rox, Gage Setting 360 n.selie 
Resding Cycles Lond (1b8~) 
1 50 L/,50 
100 £510 
3 £00 £390 
é 550 Failure 


Roughness — § 
break =- Normal 
Ave. Load ~ 4450 lbs. 


otress = 63, C00 DeSele 


TABLa XIX 
Test § Aporoz, Qage Setting 220 p.esei. 
Reading Cycles Load (Lbs) 
ri 10 2670 
2 4650 2€20 
2 4800 2730 
d 5L00. 2599 
5 9320 2690 
6 13400 271.0 
7 | 17200 | 2680 
& 77380 Failure 


liousnness - 50 
Breex = Fillet 
aVe.> rw beat Spee 2700 lLba, 


Strecc = 38,200 DPeBeie 


ese _ 


TABLE X% 





) Test 28 Amores, Gage Setting 230 p.sei. 

Reading Cyclas Load (1bs.) 
i 10 No reading 
2 £260 No reading 
3 4500 No reading 
| 6420 2700 
5 6440 2870 
€ 8072 | 2930 
7 8080 2880 


0.9 
3 


2890 


Roughness = 50 
Break = Fillet 


Av@e Load =~ 2830 lbs. 





10 


Roughness = 50 
Break =- Normal 
Ave. Loed - 3000 lbs. 


Stress - 42,400 yp.s.1. 


TABLE KXTI 


Approx. Gage Setting 240 p.3.i. 


fycles LO 
D 


30 


Lb 


fest 27 


Reading 
i 


C3 


I om & 


Roughness - 50 
Break - Millet 
Ave. Loed ~ 3140 lbs. 


Stress ~ 44,400 p.s.i. 


TABLS AALT 


Avvrox. Gage Setting 250 p.s.i. 


Cycles 


2960 
7540 
7560 
9560 
9600 


10650 


Load (ibs, ) 
3120 


3160 
5280 


3150 


3170 
3010 


Failure 


wil< 


TABLE 2xIli 


Fest 16 Approx. Gage Setting 260 ~.3.i. 
Lealing Gycies Load (Lbs,) 
fs he, 35CO 
2 L175 3470 
3 , S010 3550 
4 11100 3460 
o 14690 5250 
§ 17400 3290 
7 20534 Failure 


Koughnesa - 50 
Breek - Milet 
Ave. Load - 3360 lbs. 


Strags = 47,400 p.3.i. 


ie 


PARG AsLV 


Test 29 Approx, Garo Setting 270 n.sei. 
Reading Cyreles Load. (ibs. ) 
1 o810 3570 
2 3830 3570 
3 7280 S440 
4 7300 3 470 
o 9710 3450 
S 97350 3550 
7 19500 8290 
8 L9310 3290 
9 20870 3490 
10 21000 2440 


- 27370 Failure 





fs 
8 
Rouzhness ~ 50 
Sreak = Normal 
Ave. Loat - 3470 lbs. 


Stres33 = £9 O00 DeScls 


Test 16 


nasding 
1 


AY) 


4, 
soushness = 50 
Breals - Fillet 
Ave, Load - 3600 lbs. 


stress - 50,900 psi 


"a. . AY 
fee ro-. Gage «stting Ted gec.i. 
CLOG 29.8 Sloped 
10 O44 
SO AL 
3780 BOSD 
VO ato oi 
9740 3540 
1 3860 O-450 
20380 See 
24612 Failure 


PABLE XXVI 
Approx. Gaze Setting SOO p.s.i. 
Gycles Load (1b 
530 3630 
3280 3520 
8320 3650 


11832 Failure 


Koughness - 50 
Bre.lkc - Normal 
Sve. Lond = 3860 lbs. 


Stress - 54,600 p.s.i. 


{> 


5 

6 
Roughness =- 50 
Break = Normal 


Ave. Load - 4150 lbs. 


Stress = 58 , 600 Detel. 


TABLA AKVIITI 


a .] ae * Ay Pp 
. Ogtineg ou i eS e 


Approx. Gage Setting 340 v.s.1. 


Cyveles 
10 


Load (lbs, ) 
41.70 
4170 
4170 
£170 
4080 


Failure 


-45~ 


TABLE XXIX 
Test 1? Aporox. Gage Setting 360 p.s.i. 
Heading Cycles Load (lbs, ) 
1 10 4160 
es 18 yailure 


Roughness - 50 
Break = Nornel 
ive. Load - 4160 lbs. 


3tress — 58 , 800 DeSeie 


~A6@a 





TABLA JOXK 
Test 38 _ Approx. Gage Setting 210 p.s.i. 
cle Load (Lbs, ) 
1 Sot 2630 
~ 72 2570 
3 550 2600 
4 570 2650 
. 2980 2550 
& 3000 2580 
? 5650 2550 
E 3660 2550 
=, 7250 3640 
10 7260 2580 
nes 11200 AAO 
ne: 14600 96720 
13 21450 °610 
14 56830 2520 
15 56840 °620 
16 60125 7670 
fe 64300 2 
18 64310 3620 
29 68080 2600 
£0 68100 2600 
an 73890 2660 
= 73900 “660 
a8 1090 2800 
4 ‘81100 2500 
ers 91378 vellure 
Roughnsss ~- 100 Ave. Load = 2580 lbs. 


Break = Normal Stress - 36,500 p.s.i. 


§ 

9 
houghness = 100 
Preach «= Pllc’ 
Ve, Losed = 2760 lbs. 


Strass = 69,000 p.s.i. 


TARL Lu AAX i 


ap rox. Gage Setting 250 Sei. 


Cycles 
868 


11200 
14100 


18500 


Loed (1bds,) 
2780 
2816 
2790 
2760 
2570 
2760 


2850 


F gee 
bad ar 
= - 


TASiN AKXTI 





Last o4 approx. Gage setting 250 _.3ei. 
ecding dycles Lead (Lbs 
1. 1670 S030 
2 3380 3000 
3 8190 SULO 
“$ 10260 3QV0 
o 10800 3070 
6 10820 500 
? 14710 3070 
8 18640 3090 
G 18680 3150 
10 20100 3180 
1d 235060 2070 
Le 23080 $130 
15 25100 $180 
La F492 failure 


Roushness = 100 
Break = Fillet 
ave. Loed ~- WSO libs. 


stress = 43,600 p.3.i. 


TABLE: AMATI 


Tast 30 Aporox. Gace Settine 260 v.Sei. 
Beadin Cycles Load (1bs,) 
Z 1780 33505 
3 4590 3370 
3 4600 3300 
4, 7930 3320 
5 11360 3270 
6 15200 3350 
7 16800 3290 
8 22338 failure 


Roughness - 100 
Break =- Fillet 
Ave. Load - 3300 1bsa. 


Stress = 46, 700 Heel. 


fest Sr Aprox. Gaze Setting 250 v.3.ih. 
Reading Gzcles Loed (Lbs. ) 

i 1720 3420 

2 4510 3610 

3 4536 3530 

4, 2570 3440 

5 5580 3510 

6 11430 5440 

7 11450 





mougshness = 100 
3reak « Normal 
awe, Lond - 3450 lds. 


Stress - 48,300 1.seie 








4 


- 


re) 

5 

7 
Roughness = 100 
Break - Fillet 
Ave. Load - 3505 lbs. 


Stress - 49,500 r.s.i. 












5 
Roughness = 100 
Break - Fillet 
Ave. Load - 3630 lds. 


Stress ~- 51,3500 | 7 a 














Ape SC Xe Gere Sottine 300 P «Be le 


ozeles Locd (Lbs,) 


80 3330 
iO 3350 
3850 3040 
0880 3720 
8570 3460 
6660 3640 
8680 22ilure 

TABLE XXXYI 


Approx. Gage Setting 310 p.s.i. 


Cycles 
80 


A924 


- Flee 


TABLE AXXVIT 


Fest 20 Apnrox. Gare Setting 320 v.ael. 
pesding Gyeles Load (Lbs, } 
1. 66 3720 
Pe ; 500 3890 
3 7700 3950 
A 8310 | Fodlure 


Roughness - 100 
B3reax - Filles 
Ave. Load = 3850 lbs. 


N$7Te3g = 54,500 vesel. 


PARLE ZAXVITE 


Zest 3? prox. Gage Setting 320 p.s.i. 
Readin cycle Load (ibs, ) 
1 30 | 3680 
2 50 3680 
3 1620 3940 
A 2640 4060 
5 2916 Failure 


rougnness = 100 
Braalk = Normal 
Ave. Load - 3840 lbs. 


Stress - 54,300 p.s.i. 


ABLE ROAIA 
ro Sd ; = a act PEs} fe 2 
fect cL Aa YOR. (920 oebting o40 | .se%. 


“Oo verdings. Hachine broke doom after 20 cycles. 


Rougnness - 100 


Test 36 Aporox,. Gace Setting 540 ».7.4. 
Teeding Cycles Lo-d (Lbs, ) 
1 ok 362 
S 140 3880 


3 200 394) 


Roughness = 100 
Break - Normal 
Ave. Load = 3970 lbs. 


Stress mee 56,100 pest. 


“O40 


PABLO wel 
Test 52 Approxe Gage Setting 210 p.eSei- 
neading Grgles Load (ibs. 
i 20 2520 
2 1390 2600 
3 3796 25,0 
hy 5050 2600 
5 5260 2720 
6 8300 2650 
¢ 11700 2500 
8 174,00 2520 
7 2,250 2630 
10 29600 2520 
11 34,850 2500 


le 42096 Failure 





- 55 
TABLE “LIZ 


Test 45 ‘Noproxe Gage Setting 220 peaoi. 


Reading SYSLOS. Load (ibse) 
i 70 24,60 
2 700 25/0 
3 34,00 2660 
h 6750 2670 
5 10610 2690 
6 12030 2670 
(a 15790 7 2720 
S 13250 2700 
9 22800 2720 

10 30110 2720 
11 37062 Failure 


Roughness = 200, 
Break - Fillet 
Ave. Load = 2660 lbs. 


StresS - 37,600 pefeic 


-B6-~ 


TABL: ALITI 


Test 49 Approx. Gage Setting 20 peso. 
Hendin. Sygles load (1ba.) 
1 iO 2920 
2 1180 2910 
3 3220 2930 
h 620 2880 
3 8310 2380 
6 11150 2910 
; 7 14169 2930 
: 8 17700 3010 
g 20200 2980 
a 29430 2320 
li. 261,32 Feilure 
Roughness = 200. 





greak - Tillet 


Ave. Load - 2929 lbse 





~ 5% 


TABLS ALIY 


Test 5h Approx. Gage Setting 250 peaei. 
Reading Cyeles Load (lbs. ) 
i 230 2950 
2 5216 3000 
é, 7220 2950 
4 7530 2990 
» 124,80 3010 
6 16270 3030 
? 194,50 3080 
8 2280 3070 

7 25972 Failure 


Roughness = 200 yA 
Break - Normal 
AVE e Load = 3010 lbs. 


Stresa - 12,600 peseli. 





2 
é 
4 
> 
6 
t 
8 
9 


10 


-5B— 


TABLI .LV 


Approx. Gase Setting 260 neBSei. 


Gyoles 
LO 
1169 
3180 
4170 
5229 
7350 
8160 
9259 
10100 


11374 


Feilur 


34.00 
34,70 
32100 
3200 
3160 
3220 
3290 
3230 
3230 






















Test 42 Apnrox.e Game Setting 250 peflel. 


NO roadingse fnachine drole dow 


Roughness - 290 4 





TABLS ALVIIT 
Test 49 Approx. Gage Setting 280 PeBele 
Reading Cycles Load (ibse) 















; ho 3540 

é 2520 3420 

3 4090 3440 

4 6940 344.0 

8210 3420 © 

6 10810 3530 
| (i 10830 3460 

3 12550 3150 

? 1476 Failure 


Roughness - 200 Ai 
Break - Fi llet 
SVee Load - 3.60 ibs. 


Stress = 49,00 





“ 

5 

6 
Roughness = 200 
Break - Normal 


Ave. Load - 3625 lbs, 


stress a 51,200 Pe Sets 





-60= 
TABLE XLVIiz 


Approx. Gage Setting 290 passe. 


Cyoles Lo Lb: 
40 3630 
2010 3630 
4360 3650 
6820 3590 
8150 3630 
9058 Failure 


TABLE ALIX —_ 
Ap-rox. Gage Setting 300 Peel. 
40 
500 


Machine feiled 





wi 


TABLE L 
Jest 16 Approx. Gage Setting 300 peSoi. 
Joaging Cycles Load (lpse). 
a L6 3580 
2 . 7680 No read: ng 
) 2610 No reading 
b 3690 No reading 
iS Slectrical failure 


Roughness = 200 u 





boo US Bee AZO ee Li {? 10 DeSele 
Test n3 LS Ouseover wage wetting 3 P 


4 (Thee) 
Reading . Craig, Load (ibse) 





<Ga2 


TABLI LE 

Test 40 Approx. Gace Setting 310 pesei. 
Reedi ng Cycles load (lbs. ) 

1 30 3610 

2 LO 3610 

3 810 3710 

4 820 3740 

5 1120 3740 

6 1140 3710 

¢ 2380 | 3610 

g 2400 3700 

? 3150 3710 

10 3270 3710 

11 3710 3660 
12 3720 3800 

13 5000 3620 

U, 5010 3570 

be 6440 3590 

16 6910 3 Failure 


Roughness = 200 u 
Break - Fillet 
Avee Load = 3680 lbs. 


Stress - 52,000 DeBelie 


es 





~64— 
TARLZ LIII 





Test h7 Approx. Gage Setting 320 pes‘. 
Reeding Gyoles load (1bse) 
1 88 3559 
2 100 3670 
3 540 5790 
4 650 3820 
2 2,20 3770 
6 250 3820 
t his0 3810 
8 5270 3810 
9 Failure 


Roughness - 200 
Break = Filiet 
Ave. load - Si oie Lbso 


stress - 53100 PeSelie 





oOo nvr & 


NOUsiness = 200 
iweais = Fillet 
3v@.e Load - 3710 lbse 


Stress © 52,500 peBele 


<6o5 


TABLG LIV 


Cycles 


30 
390 
800 
820 

1260 
1230 
2050 
2870 
3200 
3420 
4960 


6210 


7234 


Approiz:. Gage Tettings 320 peSele 


ioad {2>s.) 
le a wna tn a ee eo 


3650 
3610 
3720 
3550 
3579 
3540 
3749 
3740 
3830 
3830 
3850 
3730 


Failure 


Rouchness = 200 4 
Brea’: © Normal 
AVE o Load « 38h5 lbdse 


Stross ~ 54,300 peSoio 


Roughness - 200 wv 
Break - Normal 
Avee Load - 3759 lbs. 


Stress - ep Oe PeSeleo 


TABLA LY 
Appvoxke Gace cettinn= 399 peSeie 
Weles Load \ibse) 
24 3830 
ho 3879 
Sho : 3350 
790 6 7 3050 
1016 - Failure 
TABLE LV1 
Approx. Gage Setting 340 peSei- 
Gyeles load (Lbs-) 
20 3660 
75 3725 
150 3800 
300 Failure 
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Hydraulic Section 


i 


< 
5, 
: + 
= 
; 


— 


" 


GVA IOI ENILEZL OUMUESOAH MIA LNCS 
FOUL meee 


- —-— =, od 








7 


te 
see at 
{ 
} 
j 
{ 
~~ 
al ; 
3 
t 
¢ 
t 
‘ 
4 
} 
fa 
| 
dT 
' 
t 
5 | 
v! 
ri 
? 
4 
aged 
\ 
ee 


HOLOW | , a 


‘ 
o a 
a ont we ames me ah ee em i RN ie etrtentin er Oi Memin 2 oF 


| 
2 ES 
! 
| Se ae 
2—_ 
fag 


| a 
| gOLwTWNDOVE 
| 
| 
{ 


ee ee kd Ge Ce ed 


-) 


i 
i 
: 


am ow ee - a Ss ~ 
—_— inn ae 2 ae Meet oe — . - _— te eee ate 


Mee A one meena ne aes 
“> pee ¢ eee te ee ee 


dui 


. \ 
ue 
‘ 
i 
t 
' 
t 
b 
v 
bie 
> 


-? reat = 


bh « HSS cee 
1 | SOLOW wa 4, / 
th 


ji 





ee on 


+ hep eee = 


' 
i 
4 
I 
{ 
} 
i 





, 
ES { —fA- ; 
t 2 z ~—— Ree _— 
} a ‘ ~~ , t 
a rs he en 3 _ hale Ae «4 fe be Coe om nm dant, uray 0 =_ ie — + i =~ —— : == cme 8 oe a oe eee Oe i ee 
“tes 3 ce ’ F 
| i gia 
ie. i e 
Pia 
H ¢ 
4 i ‘J 
> 
oe ed — . - —_—- —-- - oe — = — -  ~ . = ee a - fe Ss ° — = - -~ - + . « -~_ -- -— = -= . = — = atl ig o —_ 
ae a er ee, Ge eS = is Bs) ; = oy, ae ue “as > ie 5 SIS ee OS Se ee = a. ere 
i) 
eee ! ! { = 


Wo VS eo OU e a. 


ee a ad 
OT ae oS See ) 


PO LIMS 
pe es 


Ure amg 


SLINIOD 





me PAT ee ee a < 
FINS IAS 
7 IM/IH IU DLE AUWYGAAN 
MSM NF 
FIFO oF De 

z INSP 

LOW 
YOLOW 
INMINWLL AL OLIMS 


OPA!NW 





LSID IVI TAD 


L NOOO? A l 
NAW /OVdS LNIOCW 
LNIO? 


ATO ISPDAH selec IVS YASA/IN/?7 








_—-— —_ — wer — ee rie eee 


\ | 


| 








| 


ENO VIEW -MYORAULIC TESTING MACHINE 
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FIG. 9 


TYPICAL FZST KESOLT AS FILIIEO 


Gage 
Roughness 


Reading HO. 


18 


19 


Sainple Vast 


Date 
GAL C.iei. 
Structures Lavoratory 
Xlectric Cycles Height Actusl tensile 
Load Inches Load lbs. Lond p.3.i. 
1000 4 0.37 
2000 2 0.55 
3000 4% 0.81 
40:00 4 sae): 
AWA. O.2 
4 0.70 2990 36600 
+ 0.70 2090 36600 
OG. 70 2590 36600 
2000 4000 0,60 
S000 4000 0.31 
4000 4000 1.19 
SV6. 0.350 
4000 0.78 2600 36800 
4000 0.78 2600 36800 
4000 0.78 2600 o6800 
LOOO 8006 0.20 
2000 8000 0,40 
3000 8000 0.64 
Ave. 0.20 
8000 0.52 2090 36600 
80C0 0.52 2990 36600 


B000 0,51 2550 36000 


Reading Ho. Alectric Cycles Keight ACtual Tensile 


Load Inches Lozada lds. Load p.s.i. 
61 2000 76000 0.44 
62 3000 76000 GaS7 
63 A000 76000 0.80 


Ave. 0.22 


64 ‘76000 OOF 25390 36600 
65 76000 0.57 2530 36600 
66 76000 Owe 25390 35600 
Failure 77380 Fillet Break 
Fig. 10 
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